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Herculano-Houzel 2009

Human brain

Brain mass

Total number of neurons in brain

Total number of non-neurons in brain

Mass, cerebral cortex

Neurons, cerebral cortex

Relative size of the cerebral cortex

Relative number of neurons in cerebral cortex
Mass, cerebellum

Neurons, cerebellum

Relative size of the cerebellum

1508 g

86 billion

85 billion

1233 g

16 billion

82% of brain mass
19% of brain neurons
154 g

69 billion

10% of brain mass

Myelinated fibers: 180K KM

Neocortex synapses: 0.15 10715 (quadrillion)
Bee: 950K neurons

Neuron loss: 85K/day

Comparison brain weight:
Sperm whale: 7,800G

Fin whale: 6,930
Elephant: 4,783
Humpback whale: 4,675
Gray whale: 4,317

Power: 20W

Pakkenberg et al., 1997; 2003
https://faculty.washington.edu/chudler/facts.html
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2.000 Million years ago 1.000 Mya




Brains share design common principles

Mammals Insects
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Mammal

Manduca sexta

76.036 g
1600 M

hiiman

Basil el Jundi & Heinze 2016

macaque monkey

87.35¢
6376 M

Strausfeld & Hirth 2013 Science

Herculano-Houzel 2009 Front Hum Neuro 86000 M
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The embodied brain solves trade-offs

Reactive

Robust
Adaptive
"
0
0
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2 Contextual
2
2
Trade-off boundary
Brittle
Fast Slow
Rigid Complexity Flexible
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The embodied brain solves trade-offs
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COGNITIVE BIASES 10 BE AWARE OF

SO YOU CAN BE THE VERY BEST VERSION OF YOU
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The Brain in Plato’s Cave

IIT - Qculomotor

' . ~ VI - Abducent

IT - Optic
I - Olfactory

The knowledge problem

S i | Plato

~ 1 ¢ Aristotle
¥ Hume |
Descartes ( |
Kant

1V - Troclear

V - Trigeminal

VII - Facial

VIII - Cochlear

IX - Glossopharyngeal

S

- N '~" ,'.;'_“.' S s 3 0 e e X - Vagus
Plato, The Republic (514a-520a) XII - Hypoglossal

sensitive fiber

motor fiber

XI - Accessory

There 1s no direct access to information




The brain as a constructive empiricist

Bas van Fraasen

“Facts” are constructed by the brain
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A Predictive coding in the ,,Bayesian brain“

HERMANN VON
<. HELMHOLTZ
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sensory input

The Free Energy Principle .

Figure from: Haker et al 2016 Front. Psych



The brain as a constructive empiricist

A Predictive coding in the ,,Bayesian brain“

, - internal model

(

prediction —
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prediction error

perception _./ 4

¢
\_,/ /’ bottom-up

sensory input

top-
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'I' updated
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J. update of the
perception internal model
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R prediction error N
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The Free Energy Principle Friston 2010 Nat Rev Neurosci. Figure from: Haker et al 2016 Front. Psych



The brain is driven by surprise/error

Example from classical conc’&tioning

in the ,Bayesian brain*
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The brain is driven by surprise/error

Example from classical conq&tioning
in the ,,Bayesian brain*
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Dopamine and the expectation of reward

in the ,,Bayesian brain*
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Dopamine and the expectation of reward

Touch apple

in the ,,Bayesian brain*
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Arbitration, Regulation & (Neuro)Modulation
to control action in a partially knowable world
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(Brain) Architectures provide Constraints that Deconstrain

It is NOT about the apps, it is about the operating system - i10S- of the brain

Bowtie architectures

Unconstrained/Diverse
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Slow i
HOD/\/NHZ DA Error/Surprise  cqnstrained/Hidden
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Hardware
Fast Unconstrained/Diverse
Flexible Inflexible
General Special

specs-lab.com Verschure (2014; 2016) Phil. Tr.Roy.Soc B Paul Verschure



(Brain) Architectures comprise Constraints that Deconstrain

It is NOT about the apps, it is about the operating system - i0S- of the brain

HO jij\/NHz
HO Bowtie architectures

Unconstrained/Diverse
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0OS Constrained/Hidden
Hardware
Fa St Unconstrained/Diverse
Flexible Inflexible &USIB ms
General Special

Doyle & Cseste 2011 PNAS Kirschner & Gerhart 2006




(Brain) Architectures provide Constraints that Deconstrain

It is NOT about the apps, it is about the operating system - 10S- of the brain

Bowtie architectures

Unconstrained/Diverse

Apps
Slow PP
HODNNHz DA Error/Surprise  cqnstrained/Hidden
HO Hack the brain here
Hardware
Fast Unconstrained/Diverse
Flexible Inflexible
General Special

specs-lab.com Verschure (2014; 2016) Phil. Tr.Roy.Soc B Paul Verschure



Virtual perceptual error reduction

- Acquired non-use use case
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Ballester et al (2014; 2016) ESC; JNER Hacking the brain’s error processing for good in stroke neurorehabilitation
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Solving acquired non-use by hacking the brain’s error tracking

in the ,,Bayesian br.
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The economy of emotions: attacks the brain’s operating system

Bakir & Andrew McStay 2018 Dig Journ.
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Huszar et al (2022). Algorithmic amplification of politics on Twitter. PNAS

Negative emotions decontextualises experience and memory
AND

drive (re)action, i.e. clicks
eodyne.com Paul Verschure specs-lab.com
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Disinformation: The brain against
algorithms

Meaningful
Compression

Structure Image

. o Customer Retention
Discovery Classification

Big data Dimensionality Feature Idenity Fraud

isualistai . Classification Diagnostics
Visualistaion Reduction Elicitation Detection 8

Advertising Popularity
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Learning Learning Weather

Forecasting
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Recommender Unsupervised Supervised

Systems

Clustering Regression
Targetted

Marketing
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Customer

Segmentation L e a r n i n g

Estimating
life expectancy

Real-time decisions Game Al

Reinforcement
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Robor: Navigatian Skill Acquisition

Learning Tasks
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Building resilience

Short-term memory

Visuospatial

Phonological
sketchpad

loop

Long-term
memory

Neocortical sensory
and motor buffers

Il World: Hippocampus
B Self: Amygdala, Nuc Acc.
Action: Cerebellum

Declarative
memory

Non-declarative
memory

Hippocampus

Contextual/
associative

Non-contextual/
non-associative

Classical
conditioning

Procedural
memory

Episodic Semantic

Recollection Familiarity

Il World: PFC
M Self: Insula, OFC
M Action: SMA, preM, M1

Bird & Burgess 2008 Nat Rev Neurosci The brain comprises multiple memory systems



HM and memory deficits

HM Normal Brain

Ceretolum

Henry Gustav Molaison

(1926 — 2008) MRI scan of "H.M.

Heootamows

NOTE THE RESULTES OF HIZ BILATERAL

Hippocampus is critical for episodic-contextual memory bl e i



Neurophysiology of volition anddmemo
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Volition versus yoked (coercive) control

Patient (AS) |
Prefrontal Cortex MWM

Parietal WM

Post hipp y - B
Markers Freely navigate to the red blocks & remember the image
Frontal
Spearman’s correlations of band Parietal
pass filtered activity over time
(100 ms) Temporal
Hippocampus

+ correlations

eodyne.com  Pacheco et al (2021) PNAS specs-lab.com
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Volition drives (Theta) Oscillations in the Human Brain

Memory is driven by VOL

brainx3.com

Z-scored power

Pacheco et al (2021) PNAS
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oW t0 decode a complex pbrain
responses?

sof ) N LS

Alpha < 15Hz

; o Beta < 30Hz
& . %y \
Theta < T0Hz ‘ o ‘ Ggmma > 30Rz

Pacheco et al 2019 Nat Comm
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Reinstatement analysis
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eodyne.com

Paul Verschure

Pacheco et al 2019 Nat Comm  gpecs-lab.com



http://eodyne.com
http://specs-lab.com

Reinstatement analysis: The brain choir

+400 pV

O+

vvvvvvvvv

.........

—400
R

100 Hz s T— . .
[

i
Y
{

1T - ——
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emg%%rgt al 2015 Curr. Opin. Neurobiol.

Encoding IS the encoding and recall “song” the same?
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The voluntary brain is an integrated contextual system

Is the encoding and recall “song” the same?

Active vs.

Active YES Passive

Passive NO
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Pacheco et al (2021) PNAS
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Some observations:
It Is not about the humans it is about the algorithms that exploit
the operating system of the brain
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Discovery Classification

Big data Dimensionality Feature Idenity Fraud
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Learning Learning Weather
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Customer

Segmentation L e a r n i n g

Estimating
life expectancy

Real-time decisions Game Al
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S Robor: Navigation Skill Acquisition
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prediction error

perception

Learning Tasks

top-
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sensory input .
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Some observations

® \We need to understand the way the brain processes, mediates and reacts to
(dis)information

® |nformation > Brain > Action <......... > Information > Algorithm > Action
® \We are up against algorithms not humans
® The quest of the “learned ignorati”
® Risk of instrumentalization of the Commons
® Social media algorithms are a mental health risk and must therefore satisfy CEll

® Self-monitoring is not enough!

eodyne.com specs-lab.com
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